INTRODUCTION
T hroughout history, load carriage has been shown to be an essential aspect of soldiering during military operations. During training and on the battlefield, soldiers are required to carry various loads, on their person or in a pack (4, 6, 20, 21) . While carrying loads, soldiers must navigate various terrains and are expected to perform all occupational duties at a high standard. Knapik et al. (22) displayed the various loads that have been carried by different soldiers throughout history, showing a progressive increase in loads carried on marches. Much of the external load can be attributed to technological advances in weaponry and armor, which aim to improve combat effectiveness and survivability. The increase in weight has negative implications on mobility, endurance, and combat effectiveness, with systematic increases in load producing systematic decreases in performance (5, 30, 31, 33, 40) . Efforts have been made to reduce the absolute loads carried by the soldier because heavier loads are a factor that contribute to decreased combat performance (4) . In addition, to ameliorate the performance decrement that occurs from heavy load carriage in combat tasks, multiple investigations have been conducted. Studies have examined training programs that optimally develop the physical capacities of the soldier to bear heavy loads during medium-to-long distance marching operations (14, 22, 28) .
Considerable attention in the literature of military load carriage has emphasized the development of the ability to cover medium to long distances with various loads (7, 22, 23) . Also, this emphasis on long-distance (3.2-20 km) marching is seen within current U.S. Army infantry basic training (11) . Road march training begins with shorter marches and lighter loads and culminates in a 15-25-mile march before course completion. Within the U.S. military, long road marches are often used as a graduation requirement for many leadership schools and entry into certain Special Operations units. Marching with heavy loads over long distances has traditionally been a defining characteristic of an infantryman. It is a primary component of military training, which can be attributed to battlefield experience in previous wars. History has shown that during various wars, soldiers would have to march long distances into battle carrying their supplies.
However, combat operations and tactics have evolved with each war. With the varying terrain and the volatile tactics of the enemy, the battlefield has called for more than long patrols on foot. Airborne operations and armored vehicles have been used more frequently to transport troops directly onto an objective, instead of
load carriage; concurrent training; power; strength requiring long marches to an objective. This shift in battlefield tactics can be seen with the recent wars in support of Operation Enduring Freedom and Operation Iraqi Freedom. Due to differing terrain and in order to maintain combat effectiveness throughout an operation, direct action raids were often used (8, 15, 34) . During direct action raids, soldiers are transported near to, or directly onto an objective and must then quickly traverse the objective. Once an objective, troops must perform anaerobic tasks, such as sprinting, lifting, pulling, crawling, and climbing, while still carrying significant loads. Current training methodologies within the military do not fully address and optimally prepare the soldier for the anaerobic demands required on an objective (19, 39) .
THE ANAEROBIC BATTLEFIELD
The landscape of the battlefield has changed from being primarily aerobic to a predominately anaerobic battlefield characterized by quick and explosive movements on the objective. Field Manual (FM) 7-22 identified the physical requirements necessary for the successful performance of various combat-relevant warrior tasks and drills. FM 7-22 acknowledges muscular strength and anaerobic endurance as fitness components essential to the performance of these various tasks and drills (13) . In addition, the ability to run fast under load was categorized as a physical requirement necessary for the successful performance of offensive and defensive maneuvers (Tables 1 and  2 ) (13) . Several investigations have also shown the importance of upper-and lower-body strength and power during the performance of field infantry tasks, including ambushes, offensive and defensive maneuvers, and casualty rescues (3, 18) .
During combat operations, soldiers carry equipment that is essential to the completion of the mission, including body armor, weapons, ammunition, food, and water. Depending on the Several investigations have examined high-intensity combat-related tasks using obstacle courses as a performance measure. These investigations have identified upper-and lower body muscular strength and power to be significantly correlated to obstacle course performance (2, 17, 31) . Faster performers had greater upper body strength and power than slower performers, and absolute strength measures were predictive of criterion military task performance (2, 17, 35) . Greater upper-and lower body strength and power have shown to be beneficial for the optimal performance of high-intensity combat tasks. Therefore, it would be advantageous for the soldier to increase muscle mass, with greater muscle crosssectional area being related to its maximal force potential (37) . Studies have shown that greater fat-free mass translates to faster performance times under the heaviest loads during a combatrelated course (29, 33, 35) . The more lean body mass a soldier possesses, the greater the capacity to perform highintensity combat activities while carrying significant loads.
MAJOR CONCERNS OF TRADITIONAL MILITARY TRAINING
Because the anaerobic battlefield requires a significant amount of muscular strength and power, anaerobic capacities must be cultivated to optimize combat effectiveness. Nevertheless, physical training within the majority of the U.S. Army population still emphasizes the development of aerobic and muscular endurance over strength and power development. Soldiers may be prone to this mode of training because the Army Physical Fitness Test (APFT) is still used to evaluate the physical fitness of soldiers (12) . A shift is currently underway in the U.S. Army with the development of the Army Physical Readiness Training (APRT) program (13) . The APRT includes elements of strength and power training and focuses on optimal physical readiness for mission requirements, which goes beyond APFT preparation (13) . Yet, at the squad and team level where physical training takes place, strength and power training are rarely implemented because of a lack of resources.
According to the size principle, (1, 27) training with the traditional U.S. Army philosophy does not optimally recruit the high force type 2 motor units. Aerobic endurance training and calisthenics leave the more powerful motor units untrained, which are the motor units used during high-intensity combat activities (18, 27) . Also, the physiological adaptations that ensue after a primarily aerobic or muscular endurance-based training program do not contribute to the optimal development of strength, power, and hypertrophy. Instead, local muscular endurance training stimulates type 1 motor units to increase oxidative capacity by reducing the cross-sectional area of the muscle (1, 27, 36) . Furthermore, performing high repetitions solely with body weight during exercise does not stimulate hypertrophy of even the type 1 muscle fibers that are recruited. The electrical impulses discharged while using body weight as a resistance do not reach the threshold required to stimulate hypertrophy (27) . Training using solely calisthenics and cardiovascular training actually elicits the opposite physiological adaptations than those required to optimally perform high-intensity combat tasks (1, 14, 27, 36) .
Another concern for the military population is the pervading thought of a "good workout" having to consist of soldiers being sweaty, feeling nauseated, and exhausted. With this mindset, many junior leaders at the platoon, squad, and team levels leading physical training increase the metabolic intensity of every physical training day. This mindset is not only fostered within the military but also by alternative fitness programs that foment the "tough guy" mentality. Rather than training for combat, physical training becomes a "survival of the fittest" competition, where toleration of extreme stress supersedes the development of physical capacities. This erroneous paradigm leads to physical training serving a dual purpose, with the primary goal of physical training being to develop the fortitude of soldiers, and secondly to improve the physical capacity of soldiers. Training in this way can be physically tolerated to a degree, but training continually at high intensities (.8 weeks) without any periodization of stressors can lead to nonfunctional overreaching and overtraining syndrome (9, 10, 28) . This may result in suboptimal performance on the battlefield and loss of duty time. Proper education and training using the principles of progression, overload, and specificity must be used, if optimal strength, power, and hypertrophy are desired.
OPTIMIZING TRAINING TO IMPROVE PERFORMANCE OF HIGH-INTENSITY MILITARY TASKS UNDER LOAD CARRIAGE
Before implementing a training program to improve battlefield performance, it is important to conduct a needs analysis of the current battlefield and of the individual soldier (27) . This involves an evaluation of the characteristics and physical demands of combat activities and the strengths and weaknesses of the soldier, thus providing an individualized program to meet the needs of the battlefield (1,9). The current battlefield can be considered an "anaerobic battlefield" requiring muscle size, strength, and power, with only needed cardiovascular support (8, 34, 38) . Physiologically, high-intensity combat activities, such as moving under fire, evacuating a casualty, and reacting to contact reveal the necessity of total body strength and power; however, the development of a soldier's aerobic capacity cannot be ignored. Because of the mercurial nature of the modern battlefield, tactical operators require a wide spectrum of physical capacities (strength, power, and endurance). If training strongly emphasizes only one end of the spectrum (aerobic or strength), the physical component at the opposite end will suffer. This is highly characteristic of the majority of U.S. Army physical training today, with the emphasis on aerobic and muscular endurance, while strength and power are neglected (12) . Neither resistance training alone nor high-intensity endurance training alone have been shown to be effective in improving load carriage performance (24, 28) . Although strength and power are essential to combat tasks, studies have also shown that having a high aerobic capacity can be beneficial during the performance of combat tasks (16, 17) . Therefore, when designing a training program, an optimal balance between a resistance training program and an aerobic training program must be struck. A carefully designed program should develop strength, power, and aerobic capacity concurrently, without inhibiting gains from either training regimen.
CONCURRENT STRENGTH AND AEROBIC TRAINING PROGRAM
Soldiers must prepare for any physical demand presented on the battlefield, whether it may be a highly aerobic task or a highly anaerobic task. Herein lies the challenge for the strength and conditioning professional working with the military population: designing a program that enhances hypertrophy, strength, power, and aerobic endurance concurrently. It is crucial to realize that aerobic endurance training and heavy resistance training have opposing stimuli. Aerobic endurance training stimulates exercise-induced atrophy, but increases aerobic capacity, whereas heavy resistance training results in cellular signaling to increase hypertrophy and to produce more force (1, 27) .
Concurrent resistance and aerobic training programs have been shown to improve performance in all tactical occupational tasks, more than resistance training alone or aerobic training alone (10, 14, 24, 25) . Concurrent training programs have been shown to elicit significant changes in total body maximal and explosive strength, when compared with a normal basic training regimen (36) . Studies examining the compatibility of strength and aerobic endurance training have reported significant increases in type 2a muscle fiber area yet no changes in type 1 muscle fiber areas with a concurrent training group. Aerobic training alone causes a decrease in type 1 muscle fibers and this is accompanied by a loss in power (26) . Aerobic endurance was not affected when strength training was added to an aerobic program, yet strength and power were reduced in magnitude compared with strength training alone (14, 26, 28) . Therefore, it is critical to design a concurrent resistance and aerobic training program that does not compromise anaerobic capabilities and does not neglect the aerobic component of training. A training regimen that develops both of these components may contribute to the optimal performance of highintensity combat tasks under load.
Designing a concurrent training program requires the careful pairing of each individual aerobic workout with the appropriate resistance training day. This helps to ensure that on each training day, only one of the exercise protocols will produce high levels of blood lactate (.10 mmol/L). Designing programs under this view helps to prevent nonfunctional overreaching and overtraining (27) . Low-volume sprint interval training is a viable option for improving maximal oxygen consumption while limiting effects on anaerobic capabilities (14, 27) . A study using a program that trains aerobically 3 times a week, in conjunction with a resistance training program, has shown promising results (13) . Two days were designated for steadystate running (75-85% HRmax), and the other day was designated for interval training at various distances (200, 400 m, etc.) (13) . Results from this training program yielded improvements of occupational tasks and did not interfere with gains in strength, power, and endurance measures (14) .
SPECIFICITY
In addition to a concurrent training program, improving military task performance under heavy loads requires the repeated performance of the tasks routinely experienced in combat. This is in accordance with the principles of specificity and the specific adaptation to imposed demands (1). FM 7-22 states in one of its principles of training to "Train as you will fight," making the training emphasis less fitness testing-oriented, but more combat-oriented (11) . Holding to the principle of "Train as you will fight" helps to ensure optimal physical readiness to meet mission requirements (13) . Soldiers should progressively train offensive and defensive maneuvers most frequently experienced in combat. Time should be allocated to train for various scenarios such as sprinting on an objective or in a building and simulating casualty carries while carrying combat loads (16, 18, 32, 40) .
Properly training soldiers to carry heavy loads during the performance of high-intensity tasks requires loads to be progressively increased during the combat activities. Loads can be progressively added until the desired weight carried is achieved, and the performance of the tasks is up to standard. For an example, at the onset of training, combat tasks can be performed wearing minimal to no weight, performing the tasks at a low intensity. As a training program advances, the intensity of the tasks should be increased by incorporating mission essential equipment during the performance of the task (body armor, load bearing vest, ruck sack, helmet, weapon, etc.). Performing high-intensity combat activities under heavy loads must be included within the overall training program to optimize performance of combat-specific activities.
OPTIMIZING BATTLEFIELD READINESS WITH PERIODIZATION
With the wars in Afghanistan and Iraq, many units within the U.S. military have a deployment and readiness training rotation (Figure) . Rotations include a specified amount of time deployed (4-15 months), and time spent stateside to train and prepare for the next deployment (6-12 months). As units are
Strength and Conditioning Journal | www.nsca-scj.com preparing for the upcoming deployment, the strength and conditioning professional should periodize a program to have soldiers peak at the beginning or during the deployment (1,9). Just as professional athletes train rigorously leading up to a season and are at their peak during competition, soldiers also must taper into combat. This requires proper periodization, which can be applied to the deployment schedule of a unit (1, 9) . This can be likened to sport seasons, that is, when units are 6 to 9 months away from deploying, this can be considered an off-season. When the deployment is 3 months away, this can be likened to a preseason. The deployment of a unit into combat can be considered in-season, with the return of the unit from deployment as a postseason (1, 9) .
Using a linear periodization model, theoff-season can be used to develop optimal hypertrophy and basic strength. Loads of 67-85% of 1 repetition maximum and a repetition range of 6-12 repetitions should be used for each exercise (1,9). In the off-season, aerobic training can be incorporated at a lower frequency (2 times a week) and at lower intensities (75% heart rate maximum, 20-30 minutes). Also in the off-season, combat-specific activities can be performed, with lower intensities and minimal loads, at a low frequency (one time a week). As the off-season progresses, combat activities will become more specific to the highintensity combat tasks, with the equipment and load progressively increasing.
In the preseason, strength and power should be emphasized in the training program, using loads $85% and repetition ranges from 3 to 6 repetitions (1,9). Aerobic training can increase in intensity and include sprint and interval training. The frequency of combat activities should also increase as the deployment nears (3 times a week). The activities can be performed at near-maximal speeds, with near-maximal combat loads and can be incorporated as part of the aerobic training component. A balance between resistance training, high-intensity aerobic training, and high-intensity combat-specific training must be implemented to prevent overtraining. Volume should decrease in resistance training, and the volume of combat-specific training should increase as the preseason progresses.
The in-season period is the deployment of the unit, which can last for an extended period of time (3-15 months) depending on the units deployed and the overall mission. The goal of training during the in-season should be to preserve strength, power, and performance levels using moderate intensities and volumes. Depending on the overall length of time spent on a deployment, units can repeat specific mesocycles (hypertrophy, strength, etc.) or use a flexible nonlinear program. Within a flexible nonlinear program, each workout can be adapted based on the soldier's readiness to perform the workout, which may be altered by operational demands. Based on the individual needs, as long as the overall goal within the mesocycle (6-12 weeks) is addressed, individual workouts can be performed elsewhere within the mesocycle.
Using a flexible nonlinear program may be the best option during deployments, providing the needed adaptability for optimal performance during training and on the battlefield. As a unit returns from deployment, the postseason begins, which is characterized by active rest, consisting of non-combat-related activities performed at low intensities and volumes (1) . This prepares soldiers for the next phase of the off-season by allowing significant time to recover and rest, thus preventing overtraining syndrome and loss of duty time (1,9) (see sample workout).
CONCLUSIONS
Under the direction of a Certified Strength and Conditioning Specialist (CSCS) or a Tactical Strength and Conditioning Facilitator (TSAC-F), training programs can be designed to optimally develop a soldier's physical capacity. A program that is designed to optimize muscle hypertrophy, strength, and power, while also developing aerobic endurance, may help meet the demands of the "anaerobic battlefield." Improving performance of combat tasks under heavy loads requires conducting these tasks within a training cycle. Performance of tasks should become more frequent and combat specific as the deployment draws near. Progression must be used, increasing the intensity and loads worn during the tasks, until the optimal load and performance is achieved (Table 3) .
Training under this guideline enhances the physical training of the soldier to confidently face the enemy and the many obstacles on the battlefield. This helps fulfill a stanza in the U.S. Army Ranger Creed to "move further, faster, and fight harder than any other Soldier." Although it may be a logistical and financial burden to have CSCS-or TSAC-Ftrained personnel and training facilities for every unit, it is worthwhile to pursue. In professional sports, the time and finances are invested into developing the capacity of an athlete, just to play a game for mere entertainment. Yet, the majority of soldiers remain inadequately trained Performance of Heavy Load Carriage VOLUME 37 | NUMBER 4 | AUGUST 2015
to defend their countries, with a lack of access to adequate facilities and a reliance on traditional philosophies. Military leadership must come to realize the relationship between optimal physical training and improved combat effectiveness. When this is accomplished, the necessary overhaul in U.S. military physical training can occur, resulting in optimal combat readiness and mission success.
